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Rod-like WO3Abstract Six isothiocyanato complexes of dioxotungsten(VI) with Mannich base ligands having
the formula [WO2(NCS)2L-L] (where L-L = N-[1-morpholinobenzyl] acetamide (MBA),
N-[1-piperidinobenzyl] acetamide (PBA), N-[1-morpholino(-4-nitrobenzyl)] benzamide (MPNBB),
N-[1-piperidino(-3-nitrobenzyl)] benzamide (PMNBB), N-[1-morpholino(-2-nitrobenzyl)] acetam-
ide (MONBA) and N-[1-morpholino(-3-nitrobenzyl)] acetamide (MMNBA)) have been synthesized
by the reaction of tetraisothiocyanatodioxotungsten(VI) anion with the ethanolic solution of the
corresponding ligand in aqueous medium in the presence of HCl. The complexes have been char-
acterized by elemental analyses, FTIR, 1H NMR, 13C NMR, DEPT, ESI mass spectra, TGA/
DTA, molar conductivity measurements, electronic spectra, magnetic moment measurements,
SEM and XRD. Finally, the ligands and the corresponding complexes have been tested against
Agrobacterium sp BN-2A and it has been observed that complexes show enhanced activity as com-
pared to the ligands. The complexes on calcination give rod-like WO3 nanoparticles.
ª 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
The chemistry of tungsten is versatile due to the fact that it
possesses many stable and accessible oxidation states. It forms
compounds with most inorganic and organic ligands. A variety
of chemical reactions catalyzed by compounds of tungsten are
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Scheme 1 Structures of the ligands.
292 R. Gupta et al.reported. The transition metal oxo-compounds have an exten-
sively investigated chemistry which can be best understood in
terms of their oxygen atom transfer capability in a wide range
of catalytic reactions (Yu and Holm, 1989). A large number of
dioxomolybdenum(VI) complexes have been studied probably
due to the presence of molybdenum in the oxidized form in
certain molybdoenzymes (Holm, 1987). Dioxotungsten(VI)
complexes are few, probably because of the non-availability
of suitable starting materials. Yamanouchi and Yamada have
used WO2Cl2 or WOCl4 as the starting material (Yamanouchi
and Yamada, 1974, 1975), while Yu and Holm have used
[WO2(acac)2] (Yu and Holm, 1989). Moreover, several tung-
sten enzymes are known (Kletzin and Adams, 1996; Johnson
et al., 1996; Hagen and Arendsen, 1998) and many models
have been synthesized and studied (Lorber et al., 1998; Sung
and Holm, 2000). For example, dinitrogen complexes of WIV
have been synthesized and studied extensively with a view to
understand the natural nitrogen-ﬁxing system (Hidai and
Mizobi, 1995). Further, oxotungsten redox chemistry is
exploited in selective oxidation catalysis particularly taking
place in aqueous media (Noyori et al., 2003).
Isothiocyanato complexes of dioxotungsten(VI) with some
biologically active chelating ligands and some Schiff bases
have been synthesized and characterized (Maurya et al.,
1999, 2001; Brisdon and Edwards, 1974). Some isothiocyanato
complexes of dioxotungsten(VI) with morpholinomethyl urea
and related ligands have also been thermally and spectroscop-
ically studied (Pathania et al., 2005, 2007).
In the present work, we describe the synthesis and charac-
terization of isothiocyanato complexes of dioxotungsten(VI)
with some benzaldehyde-based Mannich base ligands as a
continuation of our earlier work (Pathania et al., 2005, 2007).
The Mannich base ligands used are: N-[1-morpholinobenzyl]
acetamide (MBA), N-[1-piperidinobenzyl] acetamide (PBA),
N-[1-morpholino(-4-nitrobenzyl)] benzamide (MPNBB),
N-[1-piperidino(-3-nitrobenzyl)] benzamide (PMNBB), N-[1-
morpholino(-2-nitrobenzyl)] acetamide (MONBA) and N-[1-
morpholino(-3-nitrobenzyl)] acetamide (MMNBA). The struc-
tures of the ligands are given in Scheme 1.
2. Results and discussion
Mannich based ligands were prepared by stirring an ethanolic
solution of amide (acetamide or benzamide) with secondary
amine (morpholine or piperidine) in 1:1 M ratio at 0 to get
a clear solution, followed by dropwise addition of equimolar
ethanolic solution of aldehyde (benzaldehyde, p-nitrobenzalde-
hyde, m-nitrobenzaldehyde or o-nitrobenzaldehyde). These act
as bidentate chelating ligands having carbonyl oxygen and ring
nitrogen as donor sites for metal coordination. The complexes
have been synthesized by the reaction of precursor anion
[WO2(NCS)4]
2, obtained by the interaction of Na2WO4Æ2H2O
and NH4NCS in aqueous medium in the presence of HCl, with
the ethanolic solution of the corresponding ligand. The thiocy-
anato group is interesting because of its versatile coordination
nature to the central metal atom. Tungsten, being in the ﬁrst
half of the third transition series, is a class A metal and it is
expected that thiocyanato group will coordinate through nitro-
gen in accordance with HSAB (hard soft acid base) principle
given by Pearson (Ahrland et al., 1958; Greenwood and
Earnshaw, 1997).Various attempts to obtain single crystals of the complexes
have so far been unsuccessful. The characterization of the
complexes has been carried out with elemental analyses, FTIR,
1H NMR, 13C NMR, DEPT, ESI mass spectra, TGA/DTA,
molar conductivity measurements, electronic spectra, magnetic
moment measurements, SEM and XRD. The results showed
that the complexes are mononuclear with the general formula,
WO2(NCS)2L-L (where L-L =MBA, PBA, MPNBB,
PMNBB, MONBA and MMNBA) with +6 oxidation state
for W. The elemental analyses, empirical formulae, molecular
weights, color and decomposition temperatures of all the com-
plexes are given in Table 1. All the complexes are colored, sta-
ble in air and decompose above 190. Further, the complexes
are insoluble in common organic solvents but fairly soluble
in DMSO and DMF.
2.1. IR spectral studies
The IR spectra of all the complexes (Table 2) exhibit bands in
the region 875–896 and 928–960 cm1 due to vs(O‚W‚O)
and vas(O‚W‚O) modes respectively, indicating the presence
of cis-WO2 structure (Sobczak et al., 1990). The trans-WO2
complex would show only one unsplit v(O‚W‚O) band
due to asymmetric stretch. Tungsten, being a hard metal, coor-
dinates with the thiocyanato group through the nitrogen atom.
The bands for v(CN), v(CS) and v(NCS) were observed in the
spectra of the complexes at 2053–2091, 780–796 and 483–
495 cm1 respectively suggesting that thiocyanato is N-bonded
(Hazell, 1963).
The m(C‚O) absorption bands in the free ligands at 1640–
1650 cm1 (Table 2) are lowered in the complexes (1629–
1634 cm1) indicating the involvement of carbonyl oxygen in
bonding with the metal. The m(C–N–C) bands in ligands at
1122–1142 cm1 (Table 2) also show a negative shift in com-
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Synthesis and characterization of isothiocyanato complexes of dioxotungsten(VI) with mannich base ligands 293plexes (1100–1112 cm1) indicating the involvement of ring
nitrogen also in bonding with the metal. These observations
suggest that the ligands are bidentate chelating and coordinate
to the metal through the carbonyl oxygen and ring nitrogen.
2.2. 1H NMR studies
The 1H NMR spectrum of the representative ligand, N-[1-mor-
pholino(-4-nitrobenzyl)] benzamide (MPNBB) was recorded in
deuterated MeOH (Fig. 1) and that of the corresponding com-
plex, [WO2(NCS)2MPNBB] was recorded in deuterated DMSO
(Fig. 2). The spectrum shows a triplet at d 2.79 for N–CH2 of the
morpholine ring anda triplet atd 4.10 forO–CH2of themorpho-
line ring. The aromatic protons of phenyl ring in O2N–Ph–CH
ortho to –CHgroupappear as adouble doublet at d 7.62whereas
the aromatic protons of the same phenyl ring meta to –CH
group appear as a doublet at d 8.23. In the complex
[WO2(NCS)2MPNBB], the peaks corresponding to four protons
of –CH2 groups of N–CH2 in morpholine ring undergo a down-
ﬁeld shift to d 2.99. This is due to the coordination of the ring
nitrogen of morpholine with tungsten (Fig. 2).
2.3. 13C NMR studies
The 13C NMR spectrum of the representative ligand,
N-[1-piperidinobenzyl] acetamide (PBA) was recorded in deu-
terated MeOH (Fig. 3) and that of the corresponding complex,
[WO2(NCS)2PBA] was recorded in deuterated DMSO (Fig. 4).
The 13C NMR spectrum of the ligand, PBA shows nine
peaks indicating nine types of carbon atoms. Peak at d 22.14
is due to –CH3 group whereas peak at d 173.13 is attrib-
uted to –CONH– group. Another peak at d 73.13 is due to –
NH–CH–N<. The aromatic carbons of the phenyl ring in
Ph–CH<ortho to –CH group appear at d 129.03, those at meta
to –CH group appear at d 128.77 and the carbon atom para to –
CH<group appears at d 128.72 whereas the carbon atom of the
phenyl ring bonded to –CH< group appears at d 139.31.
Further, the spectrum shows two more peaks, one at d 46.62
for>N–CH2– of piperidine ring and other at d 27.07 for the rest
of the three –CH2– groups of the piperidine ring.
In the complex [WO2(NCS)2PBA] (Fig. 4), the peak
corresponding to >N–CH2– of the piperidine ring undergoes
downﬁeld shift to d 55.65. The carbonyl carbon of
–CONH– group is also shifted downﬁeld to d 180.70. This is
due to the coordination of the ligand to metal through carbonyl
oxygen and ring nitrogen. An additional peak appears in the
complex at d 131.32 and is attributed to –NCS group.
2.4. DEPT (distortionless enhancement by polarization
transfer) studies
To distinguish various multiplicity patterns in carbon-13
NMR, three DEPT spectra are required. The 13C DEPT
NMR spectrum of the representative complex, [WO2(NCS)2
PBA], acquired with 45, 90 and 135 proton pulses were re-
corded in deuterated dimethyl sulfoxide.
(a) DEPT-45 spectrum of the complex shows seven peaks
in phase at d 129.28, d 128.95, d 128.69, d 73.06, d
55.63, d 27.00 and d 22.06, indicating seven types of car-
bon atoms with attached protons in the complex.
Table 2 Assignment of important stretching vibrational frequencies of the ligands and their complexes (cm1).*
Ligand v(CO) v(CNC) Complex vas(WO2) vs(WO2) v(CN) v(CS) v(NCS) v(CO) v(CNC)
MBA 1648 1136 WO2(NCS)2MBA 941 875 2075 795 483 1631 1103
PBA 1644 1122 WO2(NCS)2PBA 955 896 2089 780 491 1634 1100
MPNBB 1640 1138 WO2(NCS)2MPNBB 960 892 2091 786 488 1629 1100
PMNBB 1641 1140 WO2(NCS)2PMNBB 942 884 2054 792 487 1631 1103
MONBA 1650 1142 WO2(NCS)2MONBA 951 891 2053 781 495 1631 1112
MMNBA 1649 1140 WO2(NCS)2MMNBA 928 894 2065 796 489 1631 1107
* v - stretching, as - asymmetric, s - symmetric.
Figure 1 1H NMR spectrum of ligand MPNBB.
294 R. Gupta et al.(b) DEPT-90 spectrum gives four peaks in phase at d
129.28, d 128.95, d 128.69 and d 73.06 which are due
to four types of CH groups.
(c) DEPT-135 spectrum shows ﬁve signals phased up at d
129.28, d 128.95, d 128.69, d 73.06 and d 22.06 (due to
CH and CH3) and two signals phased down at d 55.63
and d 27.00 (due to CH2 groups).
From (a), (b) and (c), it is concluded that there are four
types of CH groups, one CH3 group and two types of CH2
groups, which further support the proposed structure of the
complex [WO2(NCS)2PBA].
2.5. ESI mass spectral studies
Positive mode electrospray ionization mass spectrum (ESI+
MS) of the representative complex, [WO2(NCS)2PBA] was re-
corded in acetonitrile solution containing 0.001% methanolic
solution of triﬂuoroacetic acid solution. Generally, peak clus-
ters assignable to [MH]+ and/or [M + Na]+ are observed
but for [WO2(NCS)2PBA], the molecular ion peak was not ob-
served. The highest mass ion observed in the ESI spectrum
(Fig. 5) is at m/z 506 corresponding to the loss of NCS, thusindicating that isothiocyanato moiety interacts weakly with
tungsten. The most abundant ion is observed at m/z 224, which
originates through the loss of another NCS moiety from [M-
NCS]+ ion, indicating a particularly high stability of this spe-
cies and is considered as the base peak.
Another ion observed at m/z 182.5 can be rationalized in
terms of the loss of 3,4,5,6-tetrahydropyridine from m/z 224
and that observed at m/z 137 can be reasonably due to loss
of benzylic cation from m/z 182.5. Finally, the ion at m/z
108 is assigned as [WO2]
2+, which originates from m/z 137
by loss of CH3CONH
 group (Scheme 2). The extensive frag-
mentation observed for complex [WO2(NCS)2PBA] reﬂects its
thermodynamic instability under ESI conditions. The intensity
of the base peak at m/z 224 is set to 100% and intensities of
other peaks are computed relative to it. Thus, all the aforemen-
tioned peaks along with their intensities can be represented as:
m/z 506 (14%), 224 (100%), 182.5 (44%), 137 (19%), and 108
(41%). Moreover, peak due to unipositive fragment,
[WO2(NCS)PBA]
+ is easily detected by the characteristic iso-
tope distribution of tungsten [180W (0.12%), 182W (26.50%),
183W (14.31%), 184W (30.64%) and 186W (28.43%)] (Fig. 5).
The isotope distribution pattern of the observed peak is consis-
tent with the theoretical pattern.
Figure 2 1H NMR spectrum of [WO2(NCS)2(MPNBB)].
Figure 3 13C NMR spectrum of PBA.
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The TG curve of the representative complex [WO2(NCS)2P-
BA] was recorded in the temperature range of 32–1000 in
an atmosphere of nitrogen (Fig. 6). The decomposition of
the complex is completed in three steps. In the ﬁrst step, an ini-tial weight loss of 9.5% is observed from 32 to 160 corre-
sponding to the loss of one isothiocyanato group (calculated
weight loss = 10.29%). This is supported by the appearance
of an endothermic peak in the DTA curve at 126. Second step
shows weight loss of 9.9% from 160 to 300 attributable to
the loss of another isothiocyanato group (calculated weight
Figure 4 13C NMR spectrum of [WO2(NCS)2PBA].
Figure 5 ESI spectrum of [WO2(NCS)2PBA].
296 R. Gupta et al.loss = 10.29%) leading to the formation of [WO2PBA] as
intermediate. Further, this is also supported by the appearance
of another endothermic peak in the DTA curve at 240. The
intermediate [WO2PBA] is stable up to 650 and further heat-
ing to 844 shows an abrupt weight loss of 41% corresponding
to the loss of PBA (calculated weight loss = 41.17%). There-
after, on further increasing the temperature to 1000, no
weight loss takes place due to the formation of [WO2] as end
product. The sequence of reactions involved is as follows:
½WO2ðNCSÞ2PBA ! ½WO2ðNCSÞPBA þNCS
½WO2ðNCSÞPBA ! ½WO2PBA þNCS
½WO2PBA ! ½WO2 þ PBA2.7. Conductance, electronic spectra and magnetic studies
Using the expression: kv=K · 1000/C, where K= speciﬁc
conductance and C=molar concentration (103 M), the mo-
lar conductivity (kv) values of all the complexes were calcu-
lated. The values lie in the range of 15–24 X cm2 mol1
(Table 3) indicating the non-electrolytic nature of the com-
plexes. The electronic spectra of all the complexes measured
again in 103 M DMSO solns. (Table 3) exhibit one intense
spectral peak in the region 481–496 nm (kmax) which may be
due to the ligand to metal charge transfer transition (Maurya
et al., 1999). Moreover, magnetic studies show that all the
complexes are diamagnetic as expected for d0 system of WVI
complexes.
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Fig. 7a shows low magniﬁcation SEM image of as-synthesized
precipitate of the complex [WO2(NCS)2PBA], which clearly
indicates that the precipitate consists of a large quantity of
micrometer scale particles, with an average particle size
1.51 lm in diameter. Higher magniﬁcation of SEM image
shown in Fig. 7b reveals that these particles are spherical in
shape and well separated from each other.
2.9. Powder X-ray diffraction studies
The representative complex [WO2(NCS)2PBA] was examined
for crystalline/amorphous nature through PXRD in the state
in which it was obtained. The PXRD pattern of the complex
shows only diffuse X-ray reﬂections (Fig. 8a). Since no well de-
ﬁned peaks are there in the powder XRD pattern of the com-
plex, this indicates that the complex is amorphous in nature.The same complex on calcination to 700 for 5 h in air pro-
duced a crystalline XRD pattern (Fig. 8b). All the peaks ob-
tained in the PXRD pattern of the heated sample can be
undisputedly indexed to monoclinic WO3 (JCPDS: 75-2072)
with lattice parameters as a= 7.27 , b= 7.50 , c= 3.82 and
b= 89.93. There are no peaks detected for other phases, indi-
cating that single phase of WO3 with high purity has been pre-
pared. The average crystallite size of the nanoparticles was
calculated by using Scherrer’s formula
L ¼ 0:89k=b cos h
where, L is the average crystallite size, k= 1.5418 for Cu-Ka,
b is the half maximum peak width and h is the diffraction angle
in degrees. The average crystallite size has been found to be
about 33 nm. Thus [WO2(NCS)2PBA] can act as precursor
for the formation of nanocrystalline WO3 particles. Fig. 8c
shows the SEM image of nanocrystalline WO3 particles having
rod-like morphology.
Figure 6 TGA/DTA of [WO2(NCS)2PBA].
Table 3 Molar conductivity data and electronic spectral data
of the complexes in DMSO solutions.*
Complex kv (X cm2 mol–1) kmax (nm)
WO2(NCS)2MBA 21 481
WO2(NCS)2PBA 18 483
WO2(NCS)2MPNBB 17 496
WO2(NCS)2PMNBB 12 489
WO2(NCS)2MONBA 15 492
WO2(NCS)2MMNBA 24 487
* kv – molar conductivity, kmax – absorption maximum.
Figure 7 (a) Low magniﬁcation SEM image of
[WO2(NCS)2PBA]. (b) High magniﬁcation SEM image of
[WO2(NCS)2PBA].
Figure 7 (continued)
298 R. Gupta et al.2.10. Antibacterial studies
The Bacterial Inhibition Index (BII) values of the ligands and
the corresponding complexes against standard strains of Agro-
bacterium sp BN-2A are summarized in Table 4. A compara-
tive study of the ligands with the complexes indicates that
the complexes exhibit higher activity than the free ligands.
Therefore, the metal complexes are more potent than the par-
ent ligands. The chelation theory accounts for the increased
activity of the metal complexes (Singh et al., 2004). The polar-
ity of the metal ions is considerably reduced on chelation,
which is mainly because of partial sharing of its positive charge
with the donor groups and possibly delocalization of the ring.
Figure 8 (a) PXRD pattern of [WO2(NCS)2PBA], (b) PXRD pattern of WO3 nanoparticles prepared by calcination of the complex,
[WO2(NCS)2PBA] and (c) SEM image of WO3 nanoparticles produced by calcination of the complex [WO2(NCS)2PBA] in air
atmosphere.
Figure 8 (continued)
Figure 8 (continued)
Table 4 Antibacterial activity data of the ligands and their
complexes against Agrobacterium sp BN-2A.*
Compound BII values at diﬀerent concentrations
50 ppm 100 ppm
MBA (1) 1.00 1.50
PBA (2) 1.00 1.25
MPNBB (3) 1.25 1.75
Synthesis and characterization of isothiocyanato complexes of dioxotungsten(VI) with mannich base ligands 299Such chelation increases the lipophilic character of the metal
complexes which probably breaks down the permeability bar-
rier of the cells resulting in interference with the normal cell
process. Apart from this, other factors such as solubility, con-
ductivity, and dipole moment (inﬂuenced by the presence of
metal ions) may also be possible reasons for increasing this
activity.
Again, from Table 4 and Fig. 9, it is evident that the Bac-
terial Inhibition Index (BII) values are more at 100 ppm, indi-
cating that the compounds showed higher activity with the
increase in concentration in the test range. Thus, in this case,
50 ppm was the minimum inhibitory concentration (MIC).[WO2(NCS)2MBA] (4) 1.75 2.75
[WO2(NCS)2PBA] (5) 2.25 2.75
[WO2(NCS)2MPNBB] (6) 2.25 2.30
H2O (Control) 0.00 0.00
* BII- Bacterial Inhibition Index.3. Experimental
3.1. Materials and methods
All chemicals of reagent grade are commercially available and
were used as received without further puriﬁcation. Elementalanalyses (C, H, N and S) were performed on Leco Model-
932 elemental analyzer. The melting points (uncorrected) were
300 R. Gupta et al.determined on Electrothermal 9200 Barnstead. IR spectra
(400–4000 cm1) were obtained on Perkin Elmer Model-Spec-
trum RX 1 FTIR spectrophotometer using KBr discs. 1H,
13C and DEPT soln. -state NMR spectra were recorded in
DMSO-d6 soln. (for complexes) and in MeOD soln. (for li-
gands) using Bruker Avance DPX 200 NMR spectrometer
(200 MHz) with tetramethyl silane as an internal standard.
ESI mass spectrum was recorded on ESI-Esquire 3000 Bruker
Daltonics spectrometer. Thermal analysis was performed on
Perkin–Elmer (Pyris Diamond) TG-7 thermoanalyzer under
nitrogen at a heating rate of 10 min1. Molar conductivity
values at room temperature were recorded in 103 M DMSO
solution of complexes using Digital Conductivity Meter of type
CC601 having a conductivity cell with a cell constant of 1.1.
Electronic spectra (200–900 nm) of the same solutions were re-
corded on Systronics T90+ UV–visible single beam spectro-
photometer. Magnetic measurements at room temperatureFigure 9 Antibacterial studies of MBA (1), PBA (2), MPNBB
(3), [WO2(NCS)2MBA] (4), [WO2(NCS)2PBA] (5) and
[WO2(NCS)2MPNBB] (6) against Agrobacterium sp BN-2A at (a)
50 ppm and (b) 100 ppm. H2O is used as control (C) here.
Figure 9 (continued)were carried out by Gouy’s method using Hg[Co(NCS)4] as
standard. SEM images were obtained on Jeol make T-300
scanning electron microscope. PXRD diffraction patterns were
obtained on Bruker AXSD8 X-ray diffractometer with Cu-Ka
(k= 1.5418 ) radiation. The samples were scanned between
2h= 5 and 75 degrees at 25. Tungsten was determined gravi-
metrically as tungstenyl oxinate, [WO2(C9H6ON)2], after
decomposing the complex with conc. nitric acid (Vogel, 1968).
3.2. Preparation of ligands
3.2.1. N-[1-morpholinobenzyl] acetamide (MBA)
Acetamide (5.9 g, 0.1 mol) in 50 ml of EtOH was mixed with
morpholine (8.7 ml, 0.1 mol) with stirring to get a clear solu-
tion under ice cold condition. To the above solution, benzalde-
hyde (10.6 ml, 0.1 mol) was added dropwise with stirring for
15–20 min. The reaction mixture was then kept at room tem-
perature for 5 days. The white colored solid obtained was ﬁl-
tered, washed with distilled H2O and recrystallized from
EtOH. Yield 85%. M.p. 166 (dec.). Anal. calc. for
C13H18N2O2: C 66.64, H 7.74, N 11.95; found: C 66.63, H
7.72, N 11.93.
3.2.2. N-[1-piperidinobenzyl] acetamide (PBA)
Preparation of PBA was similar to that of MBA except that
piperidine (9.8 ml, 0.1 mol) was used instead of morpholine
and that the reaction mixture was kept at room temperature
for 2 days. Yield 84%. M.p. 115 (dec.). Anal. calc. for
C14H20N2O: C 72.37, H 8.67, N 12.05; found: C 72.35, H
8.67, N 12.02.
3.2.3. N-[1-morpholino(-4-nitrobenzyl)] benzamide (MPNBB)
Benzamide (2.42 g, 0.02 mol) in 40 ml of EtOH was mixed with
morpholine (1.74 ml, 0.02 mol) with stirring to get a clear solu-
tion under ice cold condition. To the above solution, ethanolic
solution of 4-nitrobenzaldehyde (3.02 g, 0.02 mol) was added
dropwise with stirring for 15–20 min. The reaction mixture
was then kept at room temperature for 5 days. The creamish
brown colored solid obtained was ﬁltered, washed with dis-
tilled H2O and recrystallized from EtOH. Yield 80%. M.p.
177 (dec.). Anal. calc. for C18H19N3O4: C 63.33, H 5.60, N
12.30; found: C 63.30, H 5.57, N 12.31.
3.2.4. N-[1-piperidino(-3-nitrobenzyl)] benzamide (PMNBB)
Benzamide (2.42 g, 0.02 mol) in 40 ml of EtOH was mixed with
piperidine (1.9 ml, 0.02 mol) with stirring to get a clear soln.
under ice cold condition. To the above soln., ethanolic solution
of 3-nitrobenzaldehyde (3.02 g, 0.02 mol) was added dropwise
with stirring for 15–20 min. The reaction mixture was then
kept at room temperature for 10 days. The lemon colored solid
obtained was ﬁltered, washed with distilled H2O and recrystal-
lized from EtOH. Yield 83%. M.p. 128 (dec.). Anal. calc. for
C19H21N3O3: C 67.24, H 6.23, N 12.38; found: C 67.25, H 6.22,
N 12.36.
3.2.5. N-[1-morpholino(-2-nitrobenzyl)] acetamide (MONBA)
Acetamide (1.18 g, 0.02 mol) in 10 ml of EtOH was mixed with
morpholine (1.74 ml, 0.02 mol) with stirring to get a clear solu-
tion under ice cold condition. To the above solution, ethanolic
solution of 2-nitrobenzaldehyde (3.02 g, 0.02 mol) was added
dropwise with stirring for 15–20 min. The reaction mixture
OW
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Scheme 3 Proposed structure of the complex,
[WO2(NCS)2PBA].
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ored solid obtained was ﬁltered, washed with distilled H2O
and recrystallized from EtOH. Yield 64%. M.p. 119 (dec.).
Anal. calc. for C13H17N3O4: C 55.90, H 6.13, N 15.04; found:
C 55.91, H 6.16, N 15.02.
3.2.6. N-[1-morpholino(-3-nitrobenzyl)] acetamide
(MMNBA)
Preparation of MMNBA was similar to that of MONBA ex-
cept that 3-nitrobenzaldehyde (3.02 g, 0.02 mol) was used in-
stead of 2-nitrobenzaldehyde. The light yellow colored solid
obtained was ﬁltered, washed with distilled H2O and recrystal-
lized from EtOH. Yield 81%. M.p. 108 (dec.). Anal. calc. for
C13H17N3O4: C 55.90, H 6.13, N 15.04; found: C 55.89, H 6.12,
N 15.06.
3.3. General procedure for the synthesis of complexes
Sodium tungstate dihydrate (1.2 g, 0.00363 mol) and ammo-
nium thiocyanate (2.9 g, 0.038 mol) were dissolved in H2O
(30 ml) at room temperature and 7.5 ml of 11 M HCl was
added to it. The resulting yellow solution was cooled in an
ice bath and ethanolic solution (20 ml) of the corresponding li-
gand (0.00363 mol); MBA (0.85 g), PBA (0.84 g), MPNBB
(1.23 g), PMNBB (1.23 g), MONBA (1.01 g) and MMNBA
(1.01 g) was added to it. The reaction mixture was then left
undisturbed for about 1 h in the ice bath. The precipitates
formed in each case were ﬁltered under suction, washed 2 to
3 times with H2O containing a few drops of HCl and dried
in vacuo. Yield 65–68%. The sequence of reactions involved
is as follows:
Na2WO42H2Oþ 2HCl! H2WO4 þ 2NaClþ 2H2O
H2WO4 þ 4NH4SCN! ðNH4Þ2½WO2ðNCSÞ4 þ 2NH4OH
ðNH4Þ2½WO2ðNCSÞ4 þ L-L! ½WO2ðNCSÞ2L L
þ 2NH4SCN
where L-L =MBA, PBA, MPNBB, PMNBB, MONBA and
MMNBA.
3.4. Antibacterial sensitivity assay
The in vitro biological screening effects of the ligands and the
corresponding complexes were tested against standard strains
of Agrobacterium sp BN-2A at two different concentrations,
50 ppm and 100 ppm. H2O of corresponding concentration
was used as control. The test solutions were prepared by dis-
solving the ligands in EtOH and the complexes in DMSO.
The paper disc plate method (disc diffusion method) described
by Skinner (Rahman and Anwar, 2007; Chohan and Farooq,
2001) was employed to evaluate bactericidal activity. In this
method, sterilized nutrient agar culture medium was ﬁrst pre-
pared and then transferred to two previously washed and ster-
ilized petriplates. The plates were frozen at about 40 for
inoculation. Then 100 ll aliquots of overnight nutrient broth
grown culture medium (Agrobacterium sp BN-2A) were spread
over both the nutrient agar solid petriplates with the help of a
platinum wire loop. In a typical procedure, ﬁlter paper discs of
4 mm diameter and 1 mm thickness were autoclaved and then
dipped into the test solution of each of the ligands and thecomplexes (prepared according to 50 ppm concentration of
each) separately for 2 h. These antibiotic discs were then kept
gently on one of the previously prepared seeded agar plates
using sterilized forceps and incubated in a BOD incubator at
37 for growth. The procedure was repeated again using
100 ppm concentration of each compound. During the incuba-
tion period, the test solutions diffused and the growth of the
inoculated organism was affected. Inhibition zone was visual-
ized around each antibiotic disc after overnight growth. The
diameter of the inhibition zone (dark gray area around the
disc) developed around each disc was measured in millimeters.
Bacterial inhibition index (BII) was then calculated using for-
mula given below:
BII ¼ Diameter of inhibition zone diameter of antibiotic disc
Diameter of antibiotic disc
Each treatment was repeated three times to minimize error
and average data were taken as the ﬁnal result. Blank tests
showed that EtOH and DMSO used in the preparation of
the test solutions do not affect the test organism. The work
was carried out under aseptic conditions.
4. Conclusions
From the physicochemical and spectral evidence discussed in
the results and discussion section, it is concluded that all the
complexes are monomeric with the general formula
[WO2(NCS)2L-L] in which the W
VI ion binds to carbonyl oxy-
gen and ring nitrogen of the bidentate mannich base ligand,
two thiocyanato sulfur atoms and two oxide ions in distorted
octahedral coordination geometry. Thus, in all the complexes,
tungsten metal is six-coordinate. The proposed structure for
[WO2(NCS)2PBA] is shown in Scheme 3. The complexes on
calcination give rod-like WO3 nanoparticles and hence can
serve as precursors for the preparation of nanosized WO3 par-
ticles. Antibacterial activity suggests that complexes can be
better alternatives to ligands as antibacterial agents.
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